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Abstract
The aim of the work is elaboration of the principally new method of deep processing of carotene-containing vegetables 
(CCV). For attaining this aim was used the complex effect of steam-thermal processing and fine-dispersed comminution for preser-
vation and extraction of biologically active substances from the raw material and getting products of nanosized form. There was also 
used the new generation of equipment: combi-steamer and dine-dispersed comminutor.
There was elaborated the new method of deep processing, alternative to cryogenic one. This method is based on the complex 
effect of steam-thermal processing and fine-disperse comminution using the modern equipment (combi-steamer and fine-dispersed 
comminutor) that is used at enterprises of restaurant business. This method allows use biological potential of the raw material more 
fully (2…3 times more) and get the foodstuff in nanoform.
It was shown, that at steam-thermal processing of vegetables (carrot, pumpkin) in combi-steam antioxidant enzymatic pro-
cesses flow with less intensity (3…4 times less) than at blanching.
It was established, that at the steam-thermal processing in combi-steamer in 10 minutes in carotene-containing vegetables 
takes place not only conservation of β-carotene but also increase of its mass fraction in 2…2,5 times (comparing with initial raw 
material). Mechanism of this process is connected with fact that carotenoids are transformed from the hidden state (frms associated 
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It was also established, that after steam-thermal processing and fine-dispersed comminution of carotene-containing vegeta-
bles at preparation of puree takes place the significant increase of extraction of ascorbic acid and β-carotene comparing with initial 
raw material that is for pumpkin 2 and 3 times more and for carrot 1,7 and 2,5 times more, respectively.
It was established, that complex use of the new equipment at steam-thermal processing of vegetable raw material in com-
bi-steamer with fine-dispersed comminution gives a possibility to get puree, which quality is approximated to the one of puree, re-
ceived using cryogenic processing of product (especially, by the content of β-carotene and other biologically active substances (BAS). 
Keywords: carotene-containing vegetables, steam-thermal processing, fine-dispersed comminution, products in nanoform. 
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1. Introduction
The aim of the work is elaboration of the principally new method of deep processing of 
carotene-containing vegetables (CCV). For attaining this aim was used the complex effect of 
steam-thermal processing and fine-dispersed comminution for preservation and extraction of bio-
logically active substances from the raw material and getting products of nanosized form.The was 
also used the new generation of equipment: combi-steamer and dine-dispersed comminutor. 
Kharkov state university of food technology and trade (KSUFTT, Kharkov, Ukraine) to-
gether with Kharkov Trade-Economic Colledge of Kyiv National University of Trade and Econom-
ics, Municipal enterprise “Combine of child food” (Kharkov, Ukraine) and Academy of hospitality 
and catering in Poznan city (Poland) elaborated principally new method of the deep processing of 
vegetable raw material without using cold. The new method, alternative to cryogenic processing, 
allows not only maximally preserve, but also more fully use biological potential of vegetable raw 
material and transform BAS and polymers from the associated state in nanoform. This method is 
based on the process of non-enzymatic catalysis-mechanolysis (destruction of nanocomplexes that 
contain biologically active substances in hidden form) in steam-thermally processed vegetable raw 
material that leads to getting product in nanosized form. 
As innovation in the work it was offered to use the complex effect on carotene-contain-
ing vegetables at steam-thermal processing and fine-dispersed comminution using the new 
generation of highly effective modern equipment – combi-steamer and activator – homogeniz-
er-comminutor [1–4].
2. Materials and methods of research
2. 1. Studied materials and equipment used in experiments 
The study was carried out at the department of technology processing of fruits, vegetables 
and milk of KSUFTT (Kharkov, Ukraine) in laboratory of “Innovative cryo- and nanotechnologies 
of vegetable additives and wellness products”. The steam-thermal processing was carried out in 
combi-steamer UNOX SPA of XVC series (Italy) that has 70 programs that differ by temperature 
regimes, intensity of steam supply, circulation or blowing by air (Fig. 1). 
As objects of research there was used carotene-containing raw material – carrot (Fig. 2) 
and pumpkin (Fig. 3) and fine-dispersed puree of carrot and pumpkin in nanosized form (Fig. 4).
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Fig. 2. Initial raw material (carrot)
Fig. 3. Initial raw material (pumpkin)
Fig. 4. Nanoproduct of carrot after steam-thermal processing and  
fine-dispersed comminution
At elaboration of principally new method of vegetables processing there was carried out 
comparison of effect of the different types of steam-thermal processing in combi-steamer and 
blanching on traditional equipment (blancher) on carotene-containing raw material (carrot and 
pumpkin) on the basic enzymatic, biochemical and mechanochemical processes. The steam-ther-
mal processing of CCV samples (carrot, pumpkin) was carried out at such regimes: temperature 
in combi-steamer – 105 ºС, in product – 70…75 ºС, regime of steam creation – 100 % (that corre-
sponds to the maximal amount of steam). In parallel there was carried out the thermal processing of 
raw material by blanching on traditional equipment (blancher – double boiler Kaiserhoff KH-8000, 
Germany). Blanching was carried out by immersion in boiling water at t=100 oC during 10 min, 
20 min and 30 min. The steam-thermal processing was carried out during 30 minutes with samples 
collection each 5 minutes. The fine-dispersed comminution was carried out in activator – homog-
enizer-comminutor. 
2. 2. Methodologies of determination of parameters of studied samples 
The comparison of quality of initial vegetable raw material and products of it was car-
ried out by enzymatic activity of oxidant enzymes (peroxidase, polyphenol oxidase), content of 
β-carotene mass fraction, low molecular phenol compounds and L-ascorbic acid. The content of 
aforesaid substances is the one of assessment criteria of the raw material quality, accepted in inter-
national practice [1, 2, 5, 6]. For assessment of samples quality there were used standard methods 
(especially, the methods of determination of mass fraction of β-carotene, L-ascorbic acid, phenol 
compounds, flavonol glycoside) excluding the method of enzymatic activity determination. The 
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Determination of carotene-content (especially β-carotene) was controlled by colorimetric 
Muri method after exclusion of carotene from product by organic solvent and purification of caro-
tene from concomitant color substances using column chromatograpy. 
Determination of L-ascorbic acid was carried out by the method of visual and potentiomet-
ric titration by solution of 2,6-Na dichloroindorphenol.
Determination of the general quality of low molecular phenol compounds was carried out by 
colorimetric method of Folin-Denis. 
Determination of the sum of flavonol glycosides was carried out by colorimetric method, 
based on the flavonols property to change the absorption spectrum at presence of aluminum salts 
and at рН change. Maximal flavonol absorption is within 350…390 nm. In alkaline medium or at 
presence of aluminum salts the light absorption displaces by 20 nm and more to the longer waves. 
This ability is used at determination of flavonol glycosides by Muri method by reaction of 2 % 
AlCl3. The calculation of flavonol glycosides was carried out by rutin. 
Determination of enzymatic activity (peroxidase and polyphenol oxidase) was carried out 
by the conventional method of M. Mikhlin and Z. S. Bronovitska, based on the quinone ability to 
oxidize ascorbic acid. 
3. Results of research
It was established, that at the steam-thermal processing of carotene-containing vegetables in 
combi-steamer (at aforesaid regimes) in 10 minutes takes place not only conservation of β-carotene 
but also increase of its mass fraction in 2…2,5 times comparing with initial raw material. It takes 
place at the expense of carotene release from the hidden state (forms associated with biopolymers) 
into free form that is fixed by chemical methods of research. The same regularities are established 
also at blanching. It is also established, that the losses of vitamin C at thermal processing of caro-
tene-containing vegetables in combi-steamer are 2 times less that at blanching. Thus, after 20 min-
utes of thermal processing in combi-steamer the mass fraction of L-ascorbic acid was preserved in 
65…80 %, whereas after blanching – in 40…50 %.
It was also revealed, that after steam-thermal processing and fine-dispersed comminution 
of carotene-containing vegetables at preparation of puree takes place the significant increase of 
L-ascorbic acid and β-carotene extraction that is comparing with the raw material: for pump-
kin – 2 and 3 times more, for carrot – 1,7 and 2,5 times more. It was elucidated the mechanism 
of this process, connected with mechanical destruction and mechanical cracking (destruction) 
of nanocomplexes of biopolymer-carotenoid, biopolymer ascorbic acid. At the same time there 
takes place the release of hidden associated forms of carotene and L-ascorbic acid of nanoass-
ciates and nanocomplexes with proteins, polysaccharides, tanning substances and other in free 
form. These substances are controlled by the chemical methods of research [7, 8].
It was established, that complex use of the new equipment at steam-thermal processing of 
vegetable raw material in combi-steamer with fine-dispersed comminution gives a possibility to get 
puree, which quality is approximated to the one of puree, received using cryogenic processing of 
product, by the biologically active substances (BAS) content (Table 1).
Thus, for example, the mass fraction of β-carotene in 100 g of fresh pumpkin is 8,5 mg, 
in fine-dispersed puree – 26,5 mg in cyopuree – 32,2 mg. Mass fraction of β-carotene in 100 g 
of fresh carrot and fine-disperse puree of it is 9,2 mg and 24,6 mg, respectively, in cryopu-
ree – 28,8 mg in 100g.
Thus, it was established, that after steam-thermal processing and fine-dispersed com-
minution of carotene-containing vegetables at preparation of puree takes place the significant 
increase of extraction of L-ascorbic acid and β-carotene that is for pumpkin 2 and 3 times more 
and for carrot 1,7 and 2,5 times more, respectively. The results of researches demonstrated the 
high effectiveness of the use of new generation of equipment for steam-thermal processing and 
fine-disperse comminution of carotene-containing vegetables that allowed get the half-finished 
products and ready products in nanosized form with unique BAS content characteristics that 
were earlier impossible to be gotten using traditional methods of the vegetable raw material 
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Table 1
Comparative characteristic of carotene of other BAS content in fresh, steam-thermally processed carotene-
containing vegetables, fine-dispersed steam-thermally processed puree and nanostructured cryopuree of them (≥3)
Product
Mass fraction (mg in 100 g)
β-carotene L-ascorbic acid Phenol compounds  (by chlorogenic acid) 
Flavonol glycosides 
(by rutin) 
Fresh carrot 9,5±0,3 8,2±0,2 146±1,5 50,2±1,8
Carrot steam-thermally processed in 
combi-steamer 19,4±1,8 7,0±0,3 120,4±1,4 40,2±0,9
Fine-dispersed steam-thermally  
processed carrot puree 24,6±2,0 15,2±0,9 200,6±3,2 85,4±2,4
Nanostructured carrot cryopuree 28,8±2,5 29,7±1,5 262,6±2,8 105,8±2,8
Fresh pumpkin 8,5±0,3 9,8±0,2 128,4±1,8 45,4±1,2
Pumpkin steam-thermally processed 
in combi-steamer 20,0±3,4 8,2±0,2 95,8±2,0 39,2±0,5
Fine-dispersed steam-thermally 
processed pumpkin puree 26,5±4,2 16,5±1,8 210,6±3,5 78,8±1,6
Nanostructired pumpkin cryopuree 32,2±2,6 19,7±1,0 210,6±2,8 98,6±1,8
4. Conclusions
It was established, that complex use of the new equipment at steam-thermal processing 
of vegetable raw material in combi-steamer with fine-dispersed comminution gives a possibil-
ity to get puree, which quality is approximated to the one of puree, received using cryogenic 
processing of product (especially, by the content of β-carotene and other BAS). 
The probation in production conditions of ME “CCF”, SPF “KPC”, “CRYOS PLUS” 
(Kharkov, Ukraine) and production of experimental samples of nanoproducts of carotene-con-
taining vegetables prove the expediency of using the new method of deep processing at getting 
nanoproducts using the new generation of equipment at enterprises of restaurant business and 
trade. Thus, the aforesaid method of the deep processing of vegetable raw material allows 
reveal more fully the biological potential of carotene-containing vegetables that can be useful 
not only in food production but also at getting the natural carotenoid pharmpreparations and 
additives for immunoprophylaxis of population and so on.
Among the aforesaid methods the most laborious and expensive are traditional methods 
of the vegetable raw material processing (blanching, boiling, frying and other). It is known, 
that at their use at the vegetable raw material processing take place the significant wastes 
(15…30 %) and losses of biological potential of vegetable raw material, not used by people. 
At that almost half of vegetables harvest is lost at its processing and production of different 
foodstuff.
The new method of deep processing of carotene-containing vegetables is principally 
new (unique, cheaper, less laborious), it not only preserves all valuable biologically active and 
food substances but also allows reveal the biological potential more fully, extract its hidden 
BAS, associated with biopolymers, into free soluble form. At the same time this method gives 
a possibility to transform the part of difficultly soluble biopolymers in soluble form – nanoform 
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